Background: Dysregulation of innate immune response by Toll-Like Receptors (TLRs) is a key feature in Ulcerative Colitis (UC). Most studies have focused on TLR2, TLR3, and TLR4 participation in UC. However, few studies have explored other TLRs. Therefore, the aim of this study was to evaluate the mRNA profiles of TLR1 to 9 in colonic mucosa of UC patients, according to disease activity. Methods: Colonic biopsies were taken from colon during colonoscopy in 51 patients with Ulcerative Colitis and 36 healthy controls. mRNA levels of TLR1 to 9, Tollip, inflammatory cytokines IL6 and TNF were assessed by RT-qPCR with hydrolysis probes. Characterization of TLR9 protein expression was performed by Immunohistochemistry.
Background
Ulcerative colitis (UC) is a subtype of Inflammatory Bowel Disease (IBD) characterized by relapsing and chronic inflammation of colonic mucosa [1] . In Mexico, the frequency of new cases of UC has tripled during the last 20 years [2] . The etiology of UC is currently unknown, however inflammation is hypothesized to result from inappropriate activation of mucosal immunity by environmental factors such as gut microbiota [3] . Innate immunity mechanisms involved in recognition of microorganisms are thought implicated in many inflammatory conditions [4] . The Toll-like receptors (TLRs) have been clearly implicated in maintaining gut homeostasis and in the development of IBD [5] although the participation of the whole TLR family in the colonic mucosa from UC patients has not been fully explored.
TLRs are key regulators of the innate immune system in the gut through the induction of pro-inflammatory and immunomodulatory responses in many cell types including immune and epithelial cells [6] . TLR1 to 9 have been reported detectable in human intestine at least in the mRNA levels both in healthy and disease conditions [5] . In particular TLR2 and TLR4 mRNA and protein have been reported to be up-regulated in IBD and in other intestinal inflammatory conditions [7] [8] [9] [10] [11] . In a recent study, published by Steenholdt, the TLR8 expression was found to be up-regulated in isolated cells from the colonic epithelial in patients with Crohn's disease and UC [12] . Also, very recently TLR5 expression was reported down-regulated in patients with UC [13] .
To our knowledge, no previous studies have explored the mRNA expression of TLR1 to 9 mRNA in the colonic biopsies from UC patients. Previous studies have focused mainly on the study of TLR2, TLR3 and, TLR4, however, other TLRs expression has not been extensively evaluated in UC patients. In gene expression studies, determination of mRNA levels by quantitative real time PCR (RT-qPCR) is a very robust method that has been used successfully in the IBD field [14, 15] . Quantification of cytokines and chemokines mRNAs by this method has shown to be as an interesting tool to evaluate IBD disease activity [14, 16, 17] . RT-qPCR also has been traditionally used as gold standard to validate microarray results, due to its good variance coefficient in low level transcripts such as cytokines [18, 19] .
The aim of this study was to characterize the transcript patterns of TLR1 to 9 in colonic biopsies from UC patients according to activity.
Methods

Population and tissue samples
A total of 87 individuals were studied and divided in 3 groups: 1) Active UC (n = 30); 2) Quiescent UC (n = 21) and Healthy control group (n = 36) table 1. All UC patients had a confirmed diagnosis of UC by histopathology and were recruited from the Inflammatory Bowel Disease Clinic at the National Institute of Medical Sciences between November 2007 and May 2009. Healthy controls consisted of those individuals who consent to colonoscopy for other reasons such as colorectal cancer screening, weight loss and anaemia. The inclusion criterion was histological normal findings on intestinal biopsy. Details of demographic and clinical characteristics of UC were obtained by a questionnaire, review of records and personal interview. Disease extension was defined by colonoscopy. The disease activity was determined by Mayo score and Riley criteria for endoscopic and histological activity respectively [20] .
Ethical considerations
This work was performed to the principles expressed in the Declaration of Helsinsky. This study was approved by the ethical committee in our hospital and a written informed consent was obtained from all patients and controls.
Sample processing RNA extraction and cDNA synthesis All 87 intestinal mucosal biopsies taken from colonoscopy were immediately placed in RNA later (Ambion, Austin, TX, USA) and stored at -70°C until processing. Then RNA isolation from all biopsies was performed with High Pure RNA Tissue Kit (ROCHE, Sciences, Maryland, USA) according to the manufacturer's instructions. The evaluation of RNA integrity, concentration, and purity was done by ribosomal visualizing RNA 18S and 28S integrity on agarose 1.5% gels, and by spectrophotometer on NanoDrop 2000 respectively (Thermo Fisher Scientific Lafayette, CO, USA). Duplicate cDNA synthesis was performed from 250 ng of total RNA using random hexamers and the Transcriptor first strand cDNA synthesis kit (ROCHE, Sciences, Maryland, USA).
Real time RT-qPCR
RT-qPCR analysis was performed using Roche LightCycler 2.0 (ROCHE, Reuskreutz, Swisserland) with LNA hydrolysis probes from the Universal Probe Library Roche (UPL), and intron spanning designed primers (table 2) from Invitrogen (Carlsbad California, USA). One μl of cDNA was amplified with 200nM of primers, 100 nM of UPL probe, with the LighCycler TaqMan ® Master (ROCHE, Sciences, Maryland, USA) followed by 45 cycles of 95°10 sec. 60°30 sec., and 72°1 sec. Reference genes RPLP0, ACTB, and GAPDH transcripts were used for relative quantification. For qPCR assays quality control, determination of linearity and reproducibility was evaluated (VC < 10%). The mRNA relative quantification of target genes was conducted using the LightCycler software 4.1, according to the 2-ΔΔCt method. The calibrator sample employed was the same patient sample performed in all runs.
Immunohistochemistry
Samples from six UC patients with and without inflammatory activity were included for TLR9 Immunohistochemistry. Peroxidase staining of paraffinembedded tissue slides was performed using standard protocols. Briefly, after deparaffinizing and demasking of antigens, endogenous peroxidases were blocked with H2O2. Slides were blocked with 10% normal serum and were incubated with avidin and biotin. Following incubation with the primary antibody overnight at 4°C, slides were incubated with the secondary, biotin-conjugated antibody. Next, they were incubated with HRP-streptavidin, followed by incubation with the peroxidase substrate 3'-diaminobenzidine (DAB). In the negative controls, cells were stained omitting the primary antibody.
Statistical Analysis
Statistical analysis was performed using SPSS Ver. 15 statistical package program. Statistical significance was considered when p value was < 0.05. Descriptive statistics were used as means and standard deviations and medians and interquartilar range. Kolmogorov-Smirnoff normality test determined RNA data distribution. Kruskal-Wallis and Mann Whitney U non parametric tests were used to test differences among groups, and Spearman correlation to asses the relationship between TLR1 to 9, TNF and IL6 RNA levels and the endoscopic and histological parameters.
Results
TLR1 to 9 mRNA profiles in UC compared with Controls
The TLR1 to 9, TOLLIP, and TNF and IL6 mRNAs were detectable and quantifiable by RT-qPCR in intestinal biopsies from UC patients with quiescent and active disease as well as in healthy controls (table 3) . TLR4, TLR8, and TLR9 mRNA levels were higher in the overall UC patients compared to healthy controls (p < 0.04) (table 3) . We found a significantly increased expression of TLR2, TLR4, TLR8, and TLR9 mRNA expression in the colonic mucosa biopsies from patients with active Correlation of TLR5, TLR8, TLR9, and IL6 mRNA levels with endoscopic and histological activity
To further evaluate the relation of less studied TLRs mRNA levels in IBD and gut inflammation in UC patients. We evaluated the correlation between TLR5, TLR8, TLR9 and IL6 mRNA expression levels and endoscopic ( Figure 1 ) as well as histological activity ( TLRs mRNA levels correlate with IL6, and TNF mRNA levels in the colonic mucosa from UC patients
In this study, we also found that in particular IL6 mRNA levels strongly correlate with disease activity. The IL6 mRNA levels showed an important capacity to differentiate between quiescent and active disease (Receiver Operator Curve, AUC = 0.876; p < 0.0001) compared to TNF (Receiver Operator Curve, AUC = 0.700; p < 0.0001). Therefore, in we explore the correlation of IL6 and TNF mRNA levels as inflammatory markers with the TLRs mRNA levels. We found that IL6 and TNF mRNA levels showed a positive correlation with TLRs (TLR1, TLR2, TLR4, TLR5, TLR6, TLR8 and TLR9) (table 4). The most relevant association was found between IL6 and TLR8 mRNA levels showing also an r2 = 0.4626 p < 0.01 by linear regression analysis.
Mucosa-Infiltrating Immune Cells Are a Major Source of Intestinal TLR9 Expression
In order to further characterize the cells responsible for TLR9 expression, we determine in situ TLR9 protein expression from intestinal biopsies of UC patients, tissues were immunostained and compared with noninflamed tissue (Figure 3e-f) . The percentage of TLR9 immunoreactive cells was higher in UC patients compared to controls. TLR9+ cells were localized mainly in mucosa ( Figure 3 ) lamina propria and perivascular inflammatory infiltrates (Figure 3d and 3e) but not in goblet cells, crypt lumen or crypt branching, neither submucosa. Transcript levels are shown as means and standard deviations. P with significance are underlined and * for trend.
Discussion
In the present study, we found that gene expression of TLR2, TLR4, TLR8 and TLR9 was substantially upregulated active UC patients. In particular, less studied TLR5, TLR8 and TLR9 gene expression positively correlated with the presence of UC and the severity of endoscopic and histological inflammation. The IL6 and TNF gene expression showed the same trend as TLRs. The other TLRs (TLR1, TLR3, TLR6, TLR7), and TOL-LIP mRNA levels were not found to be significantly altered in the presence of active UC. Our results corroborate previously reported results for TLR2 and TLR4 gene expression in IBD [7, 8, 11, 21] and in general for intestinal inflammation such as Celiac Disease and IBS [9, 22] .
We found also that TLR5 mRNA tends to be up-regulated in active UC compared to UC quiescent disease (p = 0.06), but we also found that TLR5 also tends to be down-regulated in UC quiescent disease compared to healthy mucosa colonic controls (p = 0.14). In a previous study, Cario and Podolsky reported no changes of TLR5 expression in the colonic mucosa from IBD patients [7] . Stanislawowski and colleagues found a negative correlation between TLR5 and both macroscopically and microscopically inflammation [7, 13] . We suspect that this different finding can be possibly due to a regulation of the TLR5 transcript levels by steroids therapy, because we do not found significant Spearman correlations of TLR5 mRNA and disease activity indexes (p > 0.1) compared to patients treated only with 5-ASA Figure 1 Toll-like receptors TLR5, TLR8, and TLR9 mRNA levels in Ulcerative Colitis correlate with Endoscopic Activity. RT-qPCR was performed to assess mRNA levels in colonic mucosa biopsies from UC patients according to Mayo subscore endoscopic activity, bars show means with standard error of the mean of TLRs and IL6 transcript levels with RPLP0 as housekeeping gene determined by 2 -ΔΔCt , differences among groups were assessed by Mann-Whitney U test, and p values are presented in the figure.
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(p < 0.002). In addition, our results also show that TLR5 up-regulation is related to inflammation as seen in colectomized UC patients who developed pouchitis [23] . Also, Brint et al. recently found that TLR5 mRNA was up-regulated in colonic biopsies from active Irritable Bowel Syndrome patients [22] .
The TLR8 gene expression in colonic mucosa determined by us confirmed the results published by Steenholdt et al. who showed that the TLR8 expression was highly up-regulated in colonic epithelial cells from active UC patients [12] . The functional consequence for TLR8 up-regulation in the gut is unknown, although except for TLR2 all other TLRs in epithelial cells induce proinflammatory signals [5] . TLR8 induction of IL8 by ligands in human isolated epithelial cells stimulated has been reported [12] . We suspect that TLR8 up-regulation Figure 2 Toll-like receptors TLR5, TLR8, and TLR9 mRNA levels in Ulcerative Colitis correlate with Histological Activity. RT-qPCR was performed to assess mRNA levels in colonic mucosa biopsies from UC patients according to Riley Histological Activity, bars show means with standard error of the mean of TLRs and IL6 transcript levels with RPLP0 as housekeeping gene determined by 2 -ΔΔCt , differences among groups were assessed by Mann-Whitney U test, and p values are presented in the figure. in colonic epithelial cells may induce an exacerbated inflammatory response against not well studied gut microbiota virus or bacterial RNA resulting from microbiota dysbiosis. Although for the case TLR9, expression was initially reported down-regulated in inflamed colonic mucosa from IBD patients [24] . On the other hand, we found that TLR9 gene expression was up-regulated in the presence of active UC and compared to healthy mucosa controls [25] . In the present study, we also found that TLR9 mRNA levels positively correlate with disease activity scores in a blinded fashion. Interestingly in a study conducted in the dog IBD form of disease colonic TLR2, TLR4, and TLR9 mRNA levels are up-regulated [26] . Also, for the TLR9 case we decide to corroborate protein expression by immunohistochemistry because of the differing results in determining the protein expression in colonic samples. We found that the most evident source of TLR9 up-regulation levels during inflammation were the mucosal infiltrating cells. In agreement with our results, Pedersen et al. reported very little TLR9 protein expression in isolated colonic epithelial cells assed by western blot [24] . To our knowledge, almost all other studies have analysed TLR9 expression in cell lines [27] [28] [29] . Our findings are relevant because previous a previous study reported by Hall et al. showed that Dendritic Cells signalling via TLR9 in response to commensal bacterial DNA inhibits Treg differentiation in the Gut [30] . Also, in vitro TLR9 expression has been reported induced by pathogenic bacterial DNA, in agreement to possible deleterious role of TLR9 signalling in the gut [27] . Finally, TLR9 frequent promoter polymorphisms associated with IBD might up-regulate TLR9 gene expression [31, 32] . We believe that gut inflammation with leukocyte infiltration and dysbiosis both play a role in the up-regulation of TLR9 expression in the colonic mucosa of UC patients.
In order to evaluate the relation between inflammation and TLR gene expression, we also determine the correlations between TLR1 to 9 mRNA expression and mRNA levels of pro-inflammatory cytokines such as TNF and IL6 (Table 4) . It is well known that TNF and IL6 mRNA profiles positively correlate with inflammatory activity and especially IL6 can be used as activity marker in UC [16, 17] . We also found that TLR8 mRNA levels are useful and efficient means to discriminate between active and quiescent UC.
Finally, the main limitations of our study are the lack of assessment of putative regulatory TLRs promoter polymorphisms, and the evaluation of colonic isolated epithelial and lamina propria isolated colonic cells will corroborate functional consequence of Toll-like receptors cross-talk.
Conclusions
The TLR5, TLR8 and TLR9 gene expression were upregulated in patients with active UC and had a positive correlation with endoscopic and histological activity. The functional consequence of TLRs over-expression in the mucosa from UC patients needs to be further clarified.
